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Introduction 
Childhood adversity has recently been heralded as a public health crisis. It is estimated that in the 
United States, over 60% of children are exposed to at least one traumatic event, and more than 
30% are exposed to two or three traumatic events, prior to the age 16.1,2 The long-term 
consequences of childhood trauma are well-documented, and include higher rates of adult 
psychiatric disorders as well as chronic health problems such as obesity, Type 2 Diabetes, and 
cardiovascular disease.3–5 Meanwhile, child and adult obesity remains a public health priority, 
calling for interventions at individual and systemic levels. Efforts to understand the pathways 
from childhood adversity to adult obesity and nutrition-related disease have recently emerged in 
an attempt to identify novel targets for obesity prevention.6,7 However, less attention has been 
paid to the role that nutritional status plays in supporting and promoting resilience to adversity. 
Thus, this paper aims to point out how nutritional status plays a crucial role in supporting the 
development of resilience to adversity, and identify potential opportunities within the field of 
Public Health Nutrition (PHN) for cross-sector collaboration to address both childhood adversity 
and nutritional status simultaneously, which may prove more beneficial than if either domain is 
addressed in isolation.  
 
Overview of Childhood Adversity and the ACEs Pyramid  
 
For the purposes of this paper, childhood adversity is a broad term which includes “Adverse 
Childhood Experiences” (ACEs) as well as other stressors including homelessness, food 
insecurity, household chaos, community violence, and racism, experienced before the age of 18. 
The term ACE comes from a seminal study that identified discrete experiences broadly 
categorized as physical, sexual, or emotional abuse; physical or emotional neglect; or household 
challenges including domestic violence, parental mental illness, parental incarceration, 
household substance abuse, or parental separation or divorce, and found that in a sample of over 
17,000 predominantly white and college-educated participants, nearly 66% had at least one ACE, 
and over 20% had three or more ACEs before the age of 18.8,9 Furthermore, the study revealed a 
dose-response relationship between ACEs and a wide range of negative mental and physical 
health outcomes, including substance abuse, depression, heart disease, and severe obesity.9 
Following this study, cross-sectional and longitudinal studies conducted in various settings and 
populations have continued to demonstrate associations between childhood adversity and 
negative mental and physical outcomes later in adulthood.3,4,10 Associations between childhood 
adversity and negative adult outcomes have been observed even after controlling for social and 
demographic factors such as sex, race, age, family structure, socioeconomic status, and exposure 
to trauma as an adult.5,10 
 
Though childhood adversity varies widely in type, timing, and dosage, the ACEs pyramid 
(Figure 1) provides a broad framework for understanding a common pathway from childhood 
adversity to early disease and death. The ACE pyramid was developed by the authors of the 
original ACE study9, and much research since then has focused on elucidating the exact 
biological mechanisms between each layer of the pyramid. A prevailing hypothesis is that 
chronic childhood adversity causes the excessive or prolonged activation of the body’s 
physiological stress-response system in response to actual or perceived threats, which then 
disrupts healthy development and functioning of the brain and other organs; this disruption is 
often referred to as “toxic stress” or “biological wear and tear.”11–13 The Hypothalamus-Pituitary-
Adrenal (HPA) -axis plays a major role in regulating the stress-response system (Figure 2), as 
well as other metabolic and immunologic systems.11 Though gaps in research still persist, it’s 
thought that dysregulation of the HPA-axis in addition to disrupted neurodevelopment eventually 
increases the likelihood that one engages in “health-risk” behaviors, altogether leading to early 
disease and eventually death.11  
 
  
 
Figure 1: ACEs Pyramid                   Figure 2: HPA-Axis-Mediated Stress-Response 
An Unhealthy Dose of Stress. Center for Youth Wellness. (2013). https://drive.google.com/file/d/1RD50llP2dimEdV3zn0eGrgtCi2TWfakH/view  
 
Overview of Resilience 
 
While childhood adversity has been established as fairly common across demographic factors 
including socioeconomic status and geographic location, not every person who experiences 
childhood adversity will go on to develop poor mental or physical health outcomes. Widespread 
interest in the external and internal assets that allow one to thrive in spite of significant or 
chronic childhood adversity has led to recent development and usage of the term “resilience.” 
The definition of resilience varies across disciplines and contexts, but essentially refers to the 
ability to positively and adaptively respond to significant adversity.14–16 Importantly, for the 
purposes of this paper, the term “resilience” connotes a specific construct that is thought to lead 
to the mitigation of adversity-induced physical or mental disease, and is conceptually distinct 
from the natural human resilience displayed by any person who lives with significant adversity, 
regardless of physical or mental health outcomes.     
 
The National Scientific Council on the Developing Child (NSCDC) likens resilience to a scale 
where protective experiences and adaptive skills on one side outweigh significant adversity on 
the other side.14 The placement of the fulcrum of the scale also depends on interactions between 
genes and environment, which can predispose a child more or less towards resilience.14 One of 
the most significant protective factors is a positive, responsive relationship with a caregiver who 
can help a child overcome stress, as these caregiver-child interactions help to develop and 
solidify the brain circuitry and adaptive responses that help children manage stressful 
experiences.14  Researchers have also identified specific intrinsic characteristics of resilience, 
such as motivation, self-esteem, and sense of purpose, which may be increased by strong faith 
and cultural foundations that provide hope and stability.14,17 Importantly, resilience is a learned 
trait, and can be increased at all ages across the lifespan.14 However, the brain’s capacity to grow 
and develop resilience decreases with age, and furthermore is significantly harder in the absence 
of a strong neural foundation.14  
 
The ACEs pyramid again provides a framework for understanding how resilience may alter the 
trajectory of childhood adversity. At the most foundational level, resilience helps maintain a 
regulated stress-response system, which reduces “biological wear and tear” and promotes healthy 
neurodevelopment.11,14 A foundation of healthy neurodevelopment and a healthy stress-response 
system allows for the development of strong “executive function” and “self-regulation” skills 
that help individuals manage their behavior and emotions, and ultimately learn and practice 
strategies to effectively and positively cope with challenging circumstances.14,15 Positive coping 
skills in place of health-risk behaviors then mitigate risk of early disease and death. Notably, 
resilience is inhibited when adversity is still pervasive at the bottom of the pyramid; 
environmental chaos or threat makes it difficult for anyone to leverage the skills and capacities to 
positively cope with adversity, because in these situations the brain is focused on survival rather 
than rational learning, processing, or decision-making.14,17 
 
The role of Nutrition in Neurodevelopment, Neuroplasticity, and Hypothalamus-Pituitary-
Adrenal (HPA)-axis-mediated Stress-response  
 
Research suggests that nutrients (or lack thereof) and stress interact inextricably to influence 
neurodevelopment and neuroplasticity, and share pathways such as the HPA-axis to regulate the 
body’s cognitive, neuroendocrine, and metabolic functions.18 While the interactions between 
nutrition, stress, and neurodevelopment are complex, multidirectional and yet to be fully 
understood,18 the following section aims to point out the role that nutrition can play in 
modulating neurodevelopment, neuroplasticity, and HPA-axis reactivity.  
 
Nutrition, Neurodevelopment, and Neuroplasticity  
 
The importance of adequate nutrition for appropriate neurodevelopment and neuroplasticity is 
well-established, beginning before a child is even born, and continuing throughout the lifespan. 
For example, maternal prenatal deficiencies in protein, long-chain polyunsaturated fatty acids, 
Zinc, Copper, Iodine, Iron, Selenium, Choline, and Vitamins B6, B9, B12, A, and K have all 
been found to adversely impact infant brain growth both globally and in specific brain regions 
that are responsible for cognition, executive function, and self-regulation.19 The brain continues 
to be highly sensitive to these nutrients through the child’s first 1000 days of life, as 
neurodevelopment occurs rapidly during this period.20,21 Nutrition is so critical in this window 
that certain nutrient deficiencies, depending on the time, dosage, and duration, may irreversibly 
impair brain circuitry and growth.19,22 Additionally, Barra et. al propose that maternal protein 
deficiency during pregnancy not only directly impairs fetal brain development, but also can 
program epigenetic modifications that inhibit later neuroplasticity and thus continue to impede 
neurodevelopment throughout adulthood.23 The onset of adolescence opens another crucial 
window of rapid neurodevelopment, but the impact of nutrition on adolescent neurodevelopment 
and neuroplasticity is much less understood.24 Still, evidence suggests that appropriate nutrition 
plays a crucial role in supporting adolescent cognition and behavioral outcomes, particularly in 
populations challenged by adversity earlier in life.24 Current research consistently suggests that 
brain regions involved in cognition, executive function, and emotional self-regulation are 
negatively altered not only by malnutrition, but also by high fat and high sugar diets, particularly 
during critical growth periods such as early childhood and adolescence, as well as across the 
lifespan.23,25,26 On the other hand, dietary patterns rich in fruits, vegetables, and high-quality 
proteins may stimulate hippocampal growth even in adults, which is important for cognition and 
regulation of the stress-response system.27,28  
 
While nutrition and environmental conditions interact synergistically, the effects of nutrition on 
neurodevelopment are seen in animal models and preclinical trials, independent of environmental 
or other protective factors that are known to contribute to neurodevelopment. Nutrition across the 
lifespan thus plays a critical role not only in establishing the foundational neural building blocks 
of cognitive, social, and emotional skills that help a child healthfully cope with and overcome 
adversity, but also in maintaining neuroplasticity and promoting neurodevelopment necessary for 
continued learning and growth throughout adulthood. Referring back to the NSCDC’s analogy of 
a scale, adequate and appropriate nutrition is consequently not only a weight that tips the scale 
towards resilience, but also can influence where along the scale the fulcrum stands. 
 
Nutrition and HPA-axis-mediated Stress Response  
 
More research is needed to understand how the HPA-axis and the brain interact bidirectionally, 
as well as how nutrients and the HPA-axis interact bidirectionally. Furthermore, findings from 
human trials are heterogeneous and difficult to assess due to wide variation in measurements of 
HPA-axis reactivity and the close interactions between the HPA-axis and multiple other 
physiological systems. Nonetheless, existing research suggests that the HPA-axis is both directly 
impacted by dietary intake, as well as modulated by dietary-dependent changes to the gut 
microbiome 6,27,29–33 For example, rat pups who were removed from their mothers predictably 
had elevated stress-induced HPA reactivity that did not return to baseline when in contact with a 
thelectomised dam capable of all other maternal functions, nor when in contact with an intact 
dam but unable to themselves suckle due to impaired tongue function.26 On the other hand, HPA 
activity was restored to baseline when milk was replenished, suggesting that nutrition 
independent of maternal care helps to regulate stress-response.26 Similarly, it’s been found that 
eating “comfort foods” buffers HPA-mediated response to stress,34 which is thought to partially 
explain the relationship between childhood adversity and obesity. Oral administration of 
probiotics in rats has also been observed to prevent HPA-axis-mediated-stress-response and 
neuroinflammation.27 However, human trials of probiotic administration have yielded mixed 
results, likely due to differences in measurements of HPA-axis reactivity, as well as differences 
in dosage, timing, and type of probiotic administration. Nonetheless, the HPA-axis is widely 
accepted as a key player in the body’s stress-response system and metabolic regulation, and the 
evidence suggests that it has potential to be modulated by dietary intake to reduce stress-induced 
reactivity. Further research is needed to understand how dietary patterns positively or negatively 
impact HPA-axis activity either directly or indirectly via microbiome modulation.   
 
Applying ACEs science to Public Health Nutrition  
 
PHN is already concerned with preventing and addressing chronic nutrition-related diseases that 
are associated with childhood adversity, such as obesity, cardiovascular disease, and Type 2 
diabetes. PHN strategies at both individual and environmental levels overwhelmingly focus on 
behaviors such as dietary intake and physical activity, and behavioral interventions usually 
derive from theories of behavior change such as Health Belief Model, Theory of Planned 
Behavior, Stages of Behavior Change, and Social Cognitive Model. However, there is little 
evidence demonstrating long-term success in achieving and maintaining healthy nutritional status 
after a behavioral intervention, and increasing evidence shows that in fact gains from behavioral 
interventions are rarely sustained. 35 The ACEs pyramid framework offers several potential 
explanations for why behavioral interventions rarely succeed:  
• Coping mechanisms: Many of the dietary behaviors that are considered “health-risk 
behaviors” such as excess intake of high-fat, high-sugar, or high-salt foods, low fruit and 
vegetable intake, and emotional eating, can be reinterpreted as coping mechanisms that 
present immediate solutions or adaptations to one’s circumstances; eating may then be 
viewed as a preferred alternative to other coping mechanisms such as substance abuse, 
violence, or sexual behavior. Parents may also use feeding to soothe or demonstrate love 
to their children in the absence of other tools. Indeed, as discussed above, evidence 
suggests that highly palatable foods have physiological stress-reducing properties which 
may then interact with neural circuits that altogether drive eating behavior.6,7  
• Disrupted neurodevelopment and allostatic load: Core components of PHN behavior 
change interventions focus on skills that recruit executive function and self-regulation 
such as goal-setting, self-monitoring, and problem-solving. However, as discussed above, 
these skills may be underdeveloped in populations that have faced extreme adversity 
without adequate physical and emotional support.14,16 Programs that rely on patients to 
execute these skills at high levels without providing developmentally appropriate support 
may thus fail to achieve meaningful gains.  
• Adverse and threatening environment: As detailed above, conditions that cause 
perceived or actual threat to survival overwhelm the executive function and self-
regulation that contribute to healthy eating behaviors.17 Obesogenic environments may 
further increase the likelihood of using emotional eating as a coping mechanism.6 On the 
other hand, changing the environment to promote increased access to healthy foods is 
likely insufficient to alleviate the “biological wear and tear” caused by a hyper-reactive 
stress response system when the source of stress is not itself addressed.  
 
Conditions at each of these levels likely interact with one another to promote maintenance of the 
very behaviors that those in PHN desire to change, as these behaviors represent natural and even 
rational reactions to the circumstances. While more research is needed to understand interacting 
stress and nutrition mechanisms and precise targets for intervention, the evidence 
overwhelmingly suggests that to improve outcomes, PHN must shift to focus on (1) reducing 
sources of stress and adversity and (2) promote both strong nutritional foundations as well as 
opportunities to develop non-food coping skills in response to adversity.  
 
Opportunities for Public Health Nutrition (PHN) Practice and Research 
 
Trauma-Informed Systems 
Given the intersection of childhood adversity and nutrition-related outcomes, Registered 
Dietitian Nutritionists (RDNs) and professionals in the field of PHN are likely to interact with 
populations that have or continue to experience adversity. It is thus important not only to 
acknowledge previous and existing adversity, but also to avoid contributing to further stress 
through well-intentioned but poorly delivered services or programs. The Substance Abuse and 
Mental Health Services Administration outlines “Four Rs” of a trauma-informed approach: 
• Realize widespread impact of trauma and understand potential paths for recovery 
• Recognize signs and symptoms of trauma in clients, families, staff, and others involved 
with the organization  
• Respond by fully integrating knowledge about trauma into policies, procedures, and 
practices 
• Resist re-traumatization 
 
A detailed discussion of “trauma-informed” practice within PHN is beyond the scope of this 
paper. Nonetheless, efforts to first raise awareness about the prevalence of adversity, particularly 
within populations receiving nutrition-related care, should be prioritized.  
 
PHN Hunger Relief and Food Security Interventions 
Food insecurity is correlated with childhood adversity, disrupted parent-child relationships, and 
poor adult outcomes, possibly in part due to disrupted neurodevelopment and neuroplasticity as 
detailed above.7,26,36,37 While federal programs such as SNAP and WIC exist to help combat food 
insecurity, the process of applying for and receiving assistance from these programs can be 
highly stigmatizing, induce stress with non-transparent reporting and requirements, and also 
impose practical barriers such as long waiting times or inconvenient locations. Similarly, hunger 
relief or food distribution sites such as food pantries and soup kitchens may also re-traumatize 
participants by shaming or implementing punitive policies. Given the importance of adequate 
and appropriate nutrition in promoting not only physical health, but also neurodevelopment, 
neuroplasticity, cognition, and mental health, federal and local hunger relief programs would 
most benefit participants when they both embody the “4 Rs” of the trauma-informed approach, 
and also emphasize quality, not simply quantity of foods provided.  
 
Integrated Nutrition Interventions 
 
As discussed above, nutrition and stress interact bidirectionally through pathways that are not 
fully elucidated. Nonetheless, evidence suggests that both nutritional and psychosocial 
interventions are necessary to promote resilience, and promoting both together may have 
synergistic effects beyond strategies that are implemented in isolation. The following represents 
three examples where PHN may collaborate across disciplines to promote resilience through both 
nutritional and psychosocial interventions.     
 
ACEs Awareness and Reframing 
Traditional nutrition education curricula like the Diabetes Prevention Program and its variations 
focus on teaching healthy lifestyle changes, which may already include stress-reduction 
techniques in addition to lessons on healthy eating and physical activity. Curricula that 
additionally empower participants to reframe their behaviors as strengths and adaptations (e.g. 
using an ACEs/resilience framework) may increase the likelihood that participants will choose to 
adopt positive, non-food coping behaviors. For example, in a 4-week psycho-educational 
intervention to increase health-promoting behaviors and decrease health-threatening behaviors in 
young adults with ACEs, participants “expressed an interest in learning about their thinking 
patterns and choosing to change them” and “felt relieved to recognize that whether they had used 
health-threatening or health-promoting behaviors, they were using the resources that were 
available at the time,” after learning concepts of adversity and resilience.38 However, this study 
did not have adequate power to detect significant changes in quantitative measures of health 
behaviors. Further research could compare traditional nutrition education programs with 
programs that add stress-reduction and reframing modules to investigate additive or additional 
benefits for both mental health and nutritional outcomes. 
 
Mindfulness 
Various mindfulness-based activities that increase mind-body awareness have been identified as 
strategies to combat toxic stress and promote resilience.14,38,39 Mindfulness training has similarly 
been proposed as a strategy to promote healthy eating behaviors within obesogenic and stressful 
environments.40 However, a 2018 review of mindfulness-based weight loss intervention studies 
found mixed results, noting that definitions of “mindfulness” and “mindfulness-based eating” 
(MBE) were heterogeneous, and studies varied widely in the types of interventions as well as 
tools used to measure outcomes.41 Additionally, it was found that general mindfulness 
interventions were often paired with MBE evaluations, and vice versa, suggesting that MBE and 
general mindfulness may target different outcomes that cannot be addressed by one single 
general mindfulness intervention.41 Further research with well-defined domains of mindfulness 
vs. MBE paired with appropriate evaluation tools are needed to investigate if and how general 
mindfulness training and MBE overlap and interact to improve both nutritional and psychosocial 
outcomes. 
 
Responsive Parenting & Feeding 
As discussed previously, resilience hinges upon responsive relationships between caregivers and 
children, particularly during early childhood.14  Responsive feeding is a strategy grounded within 
the same theoretical framework as responsive parenting, and thought to promote healthy dietary 
behaviors in children.42 An extensive literature and the World Health Organization have called 
for integrated responsive caregiving and nutrition interventions, but the primary target of these 
interventions has been communities in low- and middle- income countries with high rates of 
malnutrition and stunting.21,42,43 Though developed countries like the USA tend to focus on 
overweight and obesity, micronutrient deficiency continues to persist particularly in food 
insecure, low-income, and traumatized populations.44,45 Additionally, responsive feeding is 
thought to be a promising strategy to reduce childhood overweight and obesity.46 Thus, existing 
evidence-based parenting interventions in the USA such as Triple P – Positive Parenting 
Program might integrate components promoting responsive feeding to simultaneously address 
child health, developmental, and behavioral outcomes in families with chronic exposure to 
adversity.  
 
Conclusion 
 
The impacts of nutrition and childhood adversity on child and adult outcomes are inextricably 
intertwined. Controlled and natural experiments that help to identify the magnitude of effect of 
integrated interventions, as well as the modifiable factors within an integrated intervention, may 
propel our society forward in addressing both childhood adversity and public health nutrition.  
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